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JITH the higher speeds and 
\| increased pressures placed 
on steel mill drives, there is 
a need for extreme pressure 
Jubricants that will provide 
ample protection for gears and 
retain their stability in service. 

Texaco Meropa Lubricants 
are recommended for steel mill 
service wherever extreme pres- 
sures exist and where emulsion 
with water must be avoided, 
such as— 


Steel mill drives - Edger roll 





ades- 


) TEXAC 


drives » Screw downs + Cool- 
ing bed gears - Table Rolls - 
Table manipulator gears 
- Peelers - Plungers for hy- 
draulic pumps and accumula- 
tors. 

Our engineers will gladly 
demonstrate savings with 
Texaco Meropa Lubricants in 
your mill. For this service 
phone the nearest of more than 
2300 warehouses, or write: 

The Texas Company, 135 


East 42nd St., New York, N. Y. 











Texaco Meropa 
is approved by 


the Falk Cor- 
poration for all 
gears of their 
manufacture 
requiring E. P. 
Lubricants. 





Meropa 
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Heavy Duty Industrial Gear Drives 


NY machine must be lubricated in aec- rims of wheels to form the teeth, there was 

cordance with its design and its operating — but little need for lubrication; both wear and 

conditions. The heavy duty industrial noise were expected. Later when the metal 
vear drive is no exception. Provided it has — gear became practicable, lubrication was more 
heen designed with due regard for the fact that) important. The benefits to be derived there- 
lubricating oil is not a cure-all, it will operate from were increased as the art of gear tooth 
usually with entire satisfaction to the customer, — cutting was correlated to mathematics. 


the builder, and the lubricating engineer. So the modern industrial gear developed, 
There are certain inherent operating condi- — with the spur, herringbone, spiral-bevel, hy- 
tions attendant to industrial gears in service; — poid, and worm types predominating in popu- 
they cannot be eliminated. They will vary — larity. Their basic function may be any one, 
widely, but frequently their intensity can be — or a combination of the following: 
reduced if they are considered when the gear 1. To transmit power. 
set is designed. Should this fact be overlooked, 2. To afford a medium for changing speeds. 
an overload is imposed upon the lubricating 3. To change the direction of rotation of 
oil used. some machine part. 
The petroleum industry can manufacture to t. To change the point of application of the 
meet this overload within reasonable limits; power which is being transmitted. 
then the gear set can be serviced economically. Gears are of distinct advantage wherever it is 
Whenever specialty lubricants are required, necessary to eliminate slippage or loss of power 
however, the cost goes up. It begins in the oil — as might occur with frictional methods of power 
refinery with special methods of manufacture. — transmission, such as friction wheels, belts, or 
To an extent, it is absorbed at this point. But rope drives. 
the subsequent marketing of so-called specialty The transmission of motion by means. of 


oils (or lubricants for limited service) is more gears, in general, involves mainly a_ rolling 
costly; the customer ultimately must pay a action between the gear teeth. Certain specific 


part of this increased overhead. gear types, such as worm gears and hypoids, 
So the gear designer plans today for the use | involve more or less sliding action as well; in 
of conventional gear lubricants to meet con- — faet, sliding action is obtained in all toothed 


ventional operating conditions; they may be — gearing toa certain degree, since the gear tooth 
straight petroleum in nature, or they may be | surface is essentially a cam. In dealing with 
compounded with a non-corrosive additive to | non-lubricated surfaces, sliding motion imposes 


increase the film strength characteristics. considerably more wear on the surfaces than 

Gear design has progressed through a fasei- — rolling motion, but in those types of gearing in 
nating transition since the spur gear was first) which the sliding motion is great, and more 
applied to mechanics. When gears were — particularly in the worm gear, the design of the 


crudely built of wood, with pegs fixed to the gearing and the materials employed, are se- 
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lected for their ability to operate with a mini- 
mum of friction and wear. 

Obviously, lubrication plays a vital part in 
the operation of such gearing, but although the 
fact may not have the same general recogni- 
















Fig. | Above) Ext rior of a Lufkin Gear Box with glass windows 
to permit inspection of lubrication within; note oil wiper on the side 
of the main gear At right is shown a top view of the gears in ope 


tion; note their complete coverage by the tlood of oil which ts developed 


tion, the lubricant is equally important in those 
gear types in which the sliding motion ts 
limited, for the reason that such gear types are 
commonly made of materials selected primarily 
for strength. This makes them less resistant 
towear or galling when sliding together under 
pressure, which greatly magnifies the import- 
ance of even a slight sliding motion. 

The essence of efficient gear operation is to 
have the gear teeth roll so smoothly into mesh 
with such a constant relation in velocity be- 
tween the mating gears that there will be no 
vibration set up. This is rather an ideal condi- 
tion, and in practice, the degree to which this 
condition is realized is a measure of the merits 
of the gear design and the skill with which the 
gearing was made. The most accurately made 
gearing, however, will be subject to vibration 
established by the prime mover or the driven 
machine, and one function of a gear lubricant 
is to cushion the impacts of the gear teeth upon 
each other, whether these be due to errors in 
the profile of the gear teeth, errors in spacing 
of the gear teeth or mounting of the gears, or 
to some external source. 

In the study and development of gear lubri- 
cants, it is essential to know the maximum 
tooth pressures, the temperature range, and 


ny 





Mareh, 19-40 


the method of lubrication. The history of the 
petroleum industry since the beginning of the 
century scintillates with research of — this 
nature—research which has helped materially 
in the perfection of gear tooth relationships for 
the positive and dependable 
transmission of power. 
Me ffective lubrication results in: 
1. Quiet operation with mini- 
mum vibration or 
between the teeth. 
2. Minimum wear with cor- 
responding increase in the 
life of the gears. 
3. Less wear on all adjacent 
operating parts which are 
affected by the rolling of 


the gears. 


shock 












their designed strength and tooth capacity 


TYPES OF GEARS 

Gears are defined according to their design, 
their principle of operation, and their manner 
of construction. Industrial gears are usually 
circular or conical with an axis common to that 
of the shaft or drum on which they are attached 
or cut. Those most commen to industrial 
machinery are known as spur, bevel, spiral, 
spiral-bevel, hypoid, herringbone, helical. in- 
ternal and worm gearing, according to the 
manner in which their teeth are cut and the 
direction in which their motion is to be trans- 
mitted. The principle of gearing is also further 
extended to cover the rack and pinion, a device 
which includes a flat surface on which gear 
teeth are cut, to mesh with a worm or spur 
gear (pinion) to bring about reciprocating 
motion. 


The Spur Design 
Spur gears or gears which consist of a eylin- 
der, wheel, or disk on the surface of which are 
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cut parallel teeth, are commonly used to trans- 
mit motion from one parallel shaft to another, 
this motion being either in the opposite or the 
same direction, according to whether a train of 


CATION 


same size and their speed ratio remains the 
same, they are known as mitre gears. Where 
unequally-sized bevel Years are involved, they 
are termed angle reduction gears. 

















two or more gears are involved. An _ inter- Bevel gears under ordinary operation will 

mediate spur gear when located be- 

tween the two main gears will serve cr 

to bring about the same direction of Hn 

motion in the driven gear as is de- | | | 

veloped by the driver. When three 

gears are involved as above, the 4 a oe 

size of the intermediate clement has : anbg pan G27 ip 0, 

no bearing upon the speed attaimed 1’ NF aa \t 

by the driven gear; it serves only to ee IN ke] age a4 

reverse the direction of rotation of / /j hee : i "f | T \ i 

the latter. PA 3} jit a 
Spur gears are most commonly 2 lax ~ | \ H 1} BBS ie 

found on industrial machines, work- et “4 + ce —14 (SA Bg 9S cewey 2 ere j 

ing under ordinary conditions, at =~ \\ a 72) Raz) yee Oe 

moderate speeds and with medium H ha | ; ae r at 3 

pressures exerted upon the teeth. s. : oy Fi TAY ad i 

They may be built either encased or Su: Phd L baited | ‘I 

exposed, according to the nature of 5 | oN : J pA i. 

their service and the extent to which Ce EA man ST 

they require guarding, or protection 

against abrasive matter or dust. Ex- 

posed gears may often involve lubri- | 

cation difficulties. Normally, they ] 

will require a lubricant which will wo vue ald 

adhere tenaciously to the teeth and Fiz. 2—Outlin i eer 9S scichss colina hati ube ahaa a 


resist the action of centrifugal force, 
and temperature 
Where tooth pressures are not abnormal and 
the teeth are not subjected to heavy shocks, 
there is no necessity for the use of a relatively 
high viscosity lubricant. In fact, if the lubri- 
cant is too heavy it will defeat certain of the 
advantages of lubrication by imposing more 
or less drag on the gears and increasing their 
power consumption. As tooth pressures  in- 
crease, however, the viscosity of the lubricant 
should be somewhat higher in order to insure 
that the film on the teeth will be able to resist 
the cutting and squeezing action of their sur- 
faces, especially when. sliding motion takes 
place. Here we are approaching the condition 
where a lubricant of increased film = strength 
should be used. 


speed, changes. 


Bevel and Spiral Bevel Gears 

Bevel gears, in turn, are those wherein the 
teeth are cut on an angular surface, such as 
would be represented by a truncated cone. 
They are used for the transmission of motion 
between shafts whose center lines intersect, or, 
in other words, form an angle between each 
other. This is usually a full 90 degree angle 
inasmuch as the shafts are commonly located 
at direct right angles with respect to one an- 
other: the gears in such cases are known as 
angle gears. Where two bevel gears are of the 
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Courtesy of W. A. Jones Foundry & Machine Company 


Fig. 3—Exposed view of a Jones triple type herringbone reducer. 
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differ but little in their lubrication require- 
ments from spur gears. 

The spiral-bevel gear is also applicable to 
is termed an 


non-parallel shafting, when it is 
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ployed to connect shafts that are not parallel, 
but which do not intersect. This latter con- 
struction is not) frequently employed, as the 
resulting gears have only point contact be- 

tween the teeth, and = con- 








r 





) sequently, do not have very 
| high load carrying capacity. 

While the advantage of 
the helical gear over the 
spur gear is that it favors 
the maintenance of uniform 
motion, and so can more 
easily be made quiet, the 
heheal gear produces an end 
thrust in the shaft on which 
it is mounted, that must be 
taken care of by the shaft 
bearing. In the herring- 
bone design, the fact that 
the teeth are spiraled in 
both directions neutralizes 
the resulting end thrust, 
which in many instances is 





f 


Fig. 4—Exposed view of the J. D. Chir 
sembly, so arranged that it 
adequate lubrication. 


istian design | 


can be rotated to any of four positions, In 


angle drive; in appearance it approaches the 
spiral type of tooth, such as is used on the 
helical gear. 


PID. Christian Ey 
init is a self-contained as 


his entire gea 
08 iy position there is always 


an advantage. 
In order that the load on 
a herringbone gear can be 





equally distributed between 


the two angled flanks of the gear tooth, it is h 
necessary that one of the two gears be free to I 
* 





The Helical or Herringbone Gear 
The helical resembles the 
spur gear in that the teeth are cut 
on a cylindrical body, but the heli- 
cal gear differs from the spur gear in 
that the teeth are spiraled around — | 
the body, rather than formed parallel | 
to the axis of the gear body. The | 
effect of spiraling the teeth in the 
helical gear is to provide greater 
smoothness of operation than is 
normally afforded in a spur gear, 
for the reason that at some point 
along the length of the helical 
tooth, contact with the mating gear | 
will always be realized on the center | 


gear 


vear 














line between the two gears, which 

is the most favorable condition for 

uniform motion. 1 
rh . to 
Che herringbone gear resembles f | 

two helical gears having reversed * 

directions of spiral, placed side by | | = | th, 

side, so that the teeth come together Courtesy of The Marley Compa , 

to form ‘9 chevron pattern. “En. 'Td cactotion, ancace ge clvvemrven being srataads: Ture allows for coud co 

general, helical or herringbone gears and also rest for the oil. = 

are employed with parallel shafts. ste 

They can be built to resemble bevel gears, in — float in the direction of its axis. For this rea- dit 

which case they are usually known as spiral son, and because the herringbone gear is, in 

bevel gears, or the helical gear may be em- — general, more expensive to manufacture than ty] 
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the spur gear, herringbone gearing is generally 
used in enclosed drives, where fluid lubricants 
can be employed. For the latter reason, helical 
gears also are generally encountered ino en- 
closed drives. 

The funetion of the lubricant on helical or 








herringbone gearing is to reduce friction under 
both the rolling and sliding motions, and to 
cushion the gear teeth against vibration. Ex- 
cessive vibration or rattling in gears of this 
type often tends to start pitting, particularly 
along the pitch line. Pitting of this nature is 
cumulative, to the extent that metallic seale 
may often be developed and broken off, with 
a consequent alteration of the tooth profile. 
For this reason, it is advisable to run such gears 
ina bath of relatively fluid lubricant; as the 
speed is Increased, the temperature of operation 
will rise to a certain extent, so the operating 
viscosity of the lubricant will be reduced. 


The Hypoid 

In contrast with the conventional spiral- 
bevel gear where motion is largely of a rolling 
nature, the hypoid develops a longitudinal 
sliding motion between the teeth of the pinion 
and ring gear. This greater sliding action be- 
tween the teeth of a set of hypoid gears creates 
a wiping effect which, combined with high 
tooth pressure, may rupture the lubricating 
film unless the lubricant is manufactured to 
develop high load-carrying capacity. Hence, 
the development of those extreme pressure 
.P.) and hypoid lubricants which have be- 
come so well known to the motorist; and the 
industrial E.P. lubricants for gear service in 
steel and the allied industries where load con- 
ditions comparable to the hypoid prevail. 

Industrial gearing need not be of the hypoid 
type to require an E.P. lubricant. It is more 


generally of herringbone or spiral design, but 
built for high speed and overload service. Here 
comparatively fluid lubricants are used, being 
circulated to the gear teeth and bearings by 
pressure, in contrast to automotive 


service 
where bath lubrication prevails. 











field H. Smith, Ine 


ear teeth and compact 


Courtesy of Wir 
Note design of the g 


Annular or Internal Gearing 


An annular gear is internal in nature; it has 
parallel teeth similar to the spur gear, but cut 
on the inside rim or inner surface of the cylin- 
der or ring. The companion pinion of an annu- 
lar gear, however, must be a standard spur gear. 
Internal gear sets are often used for large re- 
ductions where the direction of motion may 
have to be reversed. The main driving ele- 
ment on certain types of tractors is a typical 
example of the employment of gears of this 
type. Lubrication of such gearing is similar 
in principal to spur gearing; therefore, cor- 
responding grades of gear lubricants can be 
used, especially where exposed operation 1s 
being compared. 

The Worm Gear 

Worm frequently used where a 
right angled drive is required, or, in effect, 
where two non-intersecting shafts are located 
at right angles to each other, but not in the 
same plane. Parallel shaft drives can be ob- 
tained with worm gears by using two pairs of 
worms and gears. The two members of a worm 
gear train are known as the worm and the worm 
wheel, or gear. 


gears are 


The worm resembles a screw, 
although it is really a special form of helical 
gear, and its teeth are referred to as threads. 
The worm is usually made of a hard, wear- 
resistant steel; the worm wheel, which resem- 
bles a helical gear, except that it is throated, 
or curved on the face to envelope the worm 
partially, is preferably made of a grade of 
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bronze having good hearing properties. The 
worm is normally the driver, and its action on 
the worm gear is quite similar to the action of 
a serew on anut. Due to the wedge-like action 
of the worm thread on the gear tooth, it- is 
relatively easy to obtain quiet operation with 
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GEAR NOISES 
W. P. Sechmitter of Falk Corporation in his 
paper presented the American Gear 
Manufacturing Association, September 8-10, 
1936 has discussed in detail, the disturbances 


before 


which cause gear noise. He voices the opinion 
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Fig. 7 Cutaway details of the De La luction gear 
the worm wheel to lead it to the wheel shaft bearings and thrust 
level in the gear case; “E” the oil drain; “I e oll slinger to pre 
the case: and “G” the passage for returning oil to the gear case 


this type of gearing: it also provides a very 
wide range of speed reductions. 

Except where the speeds are very low and 
the loading relatively light, worm = gears are 
generally enclosed, and bath lubricated. Open 
worm gears, Where used, require a lubricant 
that will adhere to the teeth, but yet be fairly 
fluid. = Enelosed worm gears, particularly 
where a hardened steel worm operates with a 
bronze gear, are usually lubricated with a com- 
pounded steam evlinder oil. This rather heavy- 
bodied oil is necessary in worm gearing, to 
resist. the squeezing-out pressure exerted by 
the teeth, and to provide the protective film 
between the teeth that is depended upon to 
minimize the friction of the sliding motion in- 
herent in worm gearing, and at the same time 
to cushion the impacts between the teeth re- 
sulting from gear inaccuracies, or uneveness of 
the load being transmitted. 

In the average bath lubricated worm gear 
installation, either the worm or the gear is 
permitted to dip into the lubricant to the 
extent of perhaps three or four inches, accord- 
ing to the size and arrangement of the gearing, 
thus providing a sufficient amount of lubricant 
on the teeth to afford a protective film, but not 
in such excess as to cause “drag”. 


Note at “AT and “C™ the oil scrapers to thering 


plates B” the oil filler plug DD the oil cocks to control the 


vent oil from following the shaft and escaping at the side of 


that they must be eliminated at the source; 
his definition of gear noise is that it “is to a 
large degree the result) of recurrent: separation 
of the contacting teeth.” 

As a pair of gear teeth must be a loosely 
coupled mechanism with adequate clearanc: 
to allow of normal expansion with increase in 
temperature, lubrication becomes a prominent 
factor in so filling this clearance as to cushion 
the impact effect between the teeth. Yet lubri- 
cation, as Mr. Schmitter has warned, may also 
become a contributing faetor to the ultimate 
noise effect, if excessive impact or splashing 
within itself should) develop. This can be 
caused by too rapid circulation of a relatively 
fluid gear lubricant, or earrying the bateh leve! 
of a heavier product so low that the gear teet| 
will “slap” into it instead of churning. 

Lubrication should) not be regarded — too 
loosely as an climinant for gear noise; it will 
often reduce the effect which may develop 
through improper design, installation, or oper- 
ation, but it cannot eliminate the cause. 
Granting, however, that the latter oftentimes 
cannot be corrected, effective lubrication wil 
be very helpful in preventing scuffing or pitting 
which may develop through continuous and 
excessive tooth impact. Ultimately, these 
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defects may be observed, however, even with 
the best of lubrication; when and if this may 
occur, it is no fault of the lubricant, unless 
application of the latter has been neglected. 


SELECTION OF THE LUBRICANT 


The ideal gear lubricant must 
tain very definite properties, such as: 


1. Sufficient adhesiveness to insure that it 


p mssess cer- 


will remain on the teeth and = resist: the 
action of centrifugal foree. 
2. Such a viscosity as to ably resist) the 


effects of heat, and form a suitable film, 
regardless of tooth pressures or tempera- 
tures. 

3. No tendeney to harden or become brittle 
and chip off in event of exposure to ab- 
normally low temperatures. 

t. Sufficient “oiliness”” or lubricating ability 
to reduce to a minimum the friction which 
occurs between the teeth. 

5. Sufficiently low cost to enable it to be pur- 
chased and applied at a reasonable ex- 
penditure in comparison with the value 
of the service rendered. 


to varying directions of load application. Were 
rolling contact alone involved, the intensity of 
such a load momentarily on any part of a gear 
tooth could be disregarded. But sliding mo- 
tion is practically always present as well; this 
explains the abnormal wear that occurs where 
gears are not properly lubricated, or, in other 
words, where the tooth surfaces are subjected 
to a continual grinding action. 

There are any number of gear lubricants on 
the market today which have been designed to 
meet the requirements stated above. They 
will vary all the way from fluid mineral oils 
such as steam cylinder stocks, to intricate 
grease compounds, some of which may contain 
“fillers”. The latter serve but one purpose in a 
lubricant: to increase the viscosity and weight. 
They possess no appreciable lubricating value. 
Therefore, they should not be used as they are 
deceiving, and may lead an uninformed user to 
feel that his lubricant is suitable, when, in 
reality, it is affording comparatively poor 
protection against wear. The necessary ad- 
hesive characteristics may also be relatively 
low. As a result, when used under high-speed 
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ind end 
Cartridge tvyq 


Fig. S-Sid 
throughout 


In any gear installation the pressures usually 
‘neountered will be high; they may be espe- 
‘ally severe on the bearing surfaces, inasmuch 
is a relatively small area of contact is involved. 
The pressure developed by this contact is 
constantly shifting as the teeth are subjected 


views in detail of a standard Cleveland Type AH worm gear unit 
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Courtesy of The Clereland Worm 
Nott 


& Gear ¢ 


ompany 


ise of ball and roller bearings 


pe oil seals prevent leakage of oil around the low speed shaft 


conditions, or wherever the gears may come 
into contact with water, acids, alkalis, or 
chemical fumes, the gear teeth may lose their 
protective film of lubricant, due either to its 
being thrown off by centrifugal force, or washed 
from the wearing surfaces. 
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Ways appear to be carrying sufficient lubricant, 
vet this will be present only after the pressure 
between teeth has been relieved. Immediately 
adjacent teeth engage, metal-to-metal contact 
may take place with resultant wear and abra- 
sion, due to this lubricant’s being unable to 
withstand the pressures. Oftentimes, this can 
be proven by the presence of metallic particles 
When the used grease is subjected to laboratory 
analysis, 


CONDITIONS OF OPERATION 


Gear lubricants may be exposed to adverse 


OIL FLOW operating conditions, according to the extent 
t-} @— INSPECTION e . 
OIL LINE WINDOW to which the gears are housed; for example: 








Oil 
BREATHER 





1. The presence of considerable dust in the 
air as a result of material used, as in the 
steel or industry, may 
heavier gear lubricants to become 
table grinding compounds, 


rubber Cause 


Veri- 





» at Oil LEVE 
1 oak wii 2. The heavy pressures that are customary 
cncase on certain types of steel mill pinions, 
tA Y ca Nee rubber plant mixers, or cement mill 
— A Bn onan kilns, may squeeze out ordinary lubricants, 
SS seus) permitting actual tooth contact. 
PLUNGER PUMP | Where dust must be counteracted and com 
” Pitas oginnnas: Cea Ti plete housing is) not practicable, a gear 
Fig. 9—Lubrication details of the Philadelphia Gear Works verti« lubricant must he hight enough to absorb a 
double reduction motor-gear unit, Note the dry well construction . 
A Ses caret" considerable amount of dust before it tends to 
brella shield. 
Where greases are being con- 


sidered, it is important to remember 
that from a lubricating point. of 
view they will only be as good as 
the mineral oil which has been used 
in their makeup. The soap 
stituent somewhat 
sponge: to carry the oil and retain 
it in a more or less solid mass, ac- 
cording to the percentages of soap 
and oil involved. As soap has but 
little lubricating value, it is usually 
best to obtain the desired viscosity 
directly from the mineral oil itself, 
rather than by using an artificial 
thickener. 

One of the primary faults with a 
light oil grease, in turn, is that it 
will often function, apparently quite 
satisfactorily, yet the film created 
upon the gear teeth will be entirely 
inadequate to resist the squeezing- 
out action which is developed. The 
reason is that the tips of the teeth 
often exert a so-called “smearing” 
action on the sides of the adjacent 
teeth when rolling out of mesh, pick- 


con- 
Serves 


as a 








ing up a certain amount of lubricant 








which has been forced down bet ween Fig. 10—Top view of « Westinghouse speed reducer. This unit is provided » 
tapered roller bearings throughout; end « ap design to prevent oil leakave along the sha 


them. As a result, the teeth will al- 


and a simple but positive splash system of lubrication, 
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eS roll up into balls and throw off; at the same 
| |i time, it must be heavy enough to withstand 
the tooth pressures during the intervals be- 
tween application or re-lubrication. The fre- 


H quence of re-lubrication — of exposed gears 

uN Ma depends entirely upon the service conditions. 

a as They must never run dry, nor, in turn, should 

it __ 1\\ they be over-lubricated; otherwise, a sloppy 

ut SY | | i condition will prevail. Experience will dic- 
= KN tate the proper viscosity, just as it will the 


best method of application. A grade suited to 
clean operation may not maintain an efficient 
lubricating film under dirty conditions. 

Where heavy bearing pressures prevail, these, 
in turn, may be transmitted to the gear teeth to 
some extent. Sometimes adjusting screws are 
emploved to regulate the pressure to suit the 
work: widely varving duty may, therefore, 
be demanded of the reduction and = driving 
gears. Where slower speeds are customary, 

4 the possibility of overheating or throwing of 
the lubricant is reduced; yet wear may be ap- 


WT ee ttt ne ve eee eee 


preciable if a proper film does not coat the 
teeth completely. 





To further appreciate the extent to which 
such conditions may affect the performance of 






a gear lubricant, it is interesting to note the 
several successive reactions to which the latter 
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( FD. 0. James Manu yCompany will be subjected. There are three distinct 
Fig. 11—Section of a James verti drive right angle speed reducer ee ; eae 
Lubrication is maintained by a positive action gear driven oil pump phases involved, Wig: $ 
with means for oil circulation as shown. Note extensive ust is 1. When the point. of the gear tooth comes 
ind roller bearings, and sealed nature of the entire assembly ? 
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Courtesy of Foote Bros. Gear and Vachine Corporation 


Fig. 12—Section of the Foote IXL unit type powered gear set showing certain features pertinent to the lubricating system, 
also bearings and methods of sealing to prevent oil leakage. 
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into contact with the root) of the com- 
panion pinion tooth, 

2. Where both teeth are in contact adjacent 
to their pitch lines. 

















Courtesy of The Horsburgh & Scott 


Fig. 13—Top view of a Horsburgh & Scott triple reduction herring 
bone speed reducer. Lubrication is accomplished by splash, the gears 
and bearings being continually supplied with fresh cool o1 
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3. Where the reverse of the first takes place 
as the teeth pass out of mesh. 

Sliding motion is most likely to occur when the 
teeth first come into contact and as they be- 
come disengaged, the points of the respective 
elements developing a more or less scraping 
action on the sides of the adjacent teeth. Both 
wiping action and squeezing will be apt to 
occur at these times. As the teeth become more 
and more engaged, however, sliding contact 
is replaced by rolling contact; in other words, 
the ideal operating condition for gearing is 
approached. Wiping or scraping off of the 
lubricant is, therefore, practically climinated, 
but the squeezing out action still is possible, 
especially as maximum bearing pressures are 
encountered during the time the teeth are so 
engaged. Wear will occur more rapidly at the 
points and roots of the teeth due to the sliding 
friction involved; whereas, the intermediate 
tooth surfaces adjacent to the pitch line being 
subjected to rolling action, will resist) wear 
more effectively. 


METHODS OF GEAR LUBRICATION 

Gear lubricants must be applied according 
to service involved. We are most generally 
familiar with automotive practice where the 
gears in the transmission and rear end are bath 
lubricated. Contrast this with industrial pro- 
duction: viz., the gears which drive the rolls 
on certain rubber machines which may be 
either bath or hand lubricated; the gearing on 
excavating machinery which is largely hand 
oiled; and turbine reduction gears which are 
lubricated by foree-feed. This latter method ot 


Satiaadi tina tnaiinatesmmatinal 
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Courtesy of W. A, Jones Foundry & Machine Compar 


Fig. 14——See tional view of a Jones herringbone reducer showing gear and bearing arrangement. Symmetry and balance are important fe 
tures in herringbone assembly, as they permit the use of standard type bearings of uniform size on each shaft. 
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lubrication is also now widely applied to en- 
closed type steel mill reduction gear sets. 

Soa wide variety of conditions exist, each of 
which may require special consideration accord- 


[ 
| 





ing to the design of the machine, the size and 


5 number of the gears and the products being 
y handled. Certain of the latter will be of a 
perishable nature such as foodstuffs, paper and 
n textiles. Gearing on the attendant machinery 
- must be so lubricated that there will be practi 

s cally no chance of the gear lubricant splashing, 
€ dripping or being thrown onto these products. 
lh Others require little or ho consideration of 
d this nature and oftentimes, in such cases. even 
( waste oils are slopped all over the machinery 
i due to careless lubrication of the gears. 


Analysis of industrial 
machinery presents five dis- 


tinet) conditions pertinent 
to gear lubrication: 
1. Where the gears are 


enclosed in a suitable 

casing, out of contact 
with the bearing luibri- 
eant, running either in 
a bath of oil or being 
lubricated by force- 
feed. 

2. Where gears run in an 
enclosed case, the gear 
lubricant at the same 
time serving the bear- 
ings, as is true in many 
reduction gear instal- 
lations, viz., the worm 
gear set. 

3. Where gears are entirely exposed, the 
lubricant being applied by hand. 

t. Where the gears run exposed, but with 
their lower portions encased so that bath 
lubrication is possible. 
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5. Where gears are open, and exposed to 
such dirty conditions as to render practi- 
cally any lubrication ineffectual. 

Where and when to use any specifie grade 
of lubricant is, therefore, oftentimes quite a 
problem. It is disconcerting to attempt to 
heed all the modern arguments in favor of in- 
dustrial plant efficiency, and at the same time 
have a noisy set of gears which may refuse to 
function properly with ordinary methods of 
lubrication. Such conditions are not entirely 
hopeless, even though perhaps the air may be 
filled with dust, or the gears subjected to hot 
water or acids, ete. The petroleum industry 
has solved this problem by developing specialty 
lubricants refined so as to stick and lubricate 
even) When totally submerged in_ practically 
boiling water. 

There 
pressure 


available similar lubricants for 
conditions as already mentioned. 
These along with the wide range of straight 
mineral gear lubricants will serve virtually any 
condition of operation or means of application. 
It only requires judicious study of these condi- 
tions along with the physical characteristies of 
the lubricants, 


are 


This brings us to means of application-— 
likewise, the importance of cleanliness. Where 
pans are furnished for bath lubrication they 
should be cleaned out at regular intervals. 
since any dust that may have gained entry will 
destroy the adhesiveness of the gear lubricant, 
tending to form a solid pasty mass which the 
gears can not pick up. 

Where the gears dip in a bath of lubricant, 
—S 
— Ns 


a 


this bath should be just deep enough so that 
the lowest teeth are just covered. This will 
give ample lubrication and keep the consump- 
tion of the lubricant at a minimum. 

When the lubricant is applied by hand, it 
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should be slightly heated to reduce it to the 
consistency desired, and painted on with a 
short brush, or poured on from a dipper as the 


gears are slowly revolved to- 
wards each other. Pouring 
the lubricant on in a fine 
stream Is ecasiest, most 
economical and most. effec- 
tive. 

Gear lubricants should 
applied to open gearing rela- 
tively frequently and in small 
quantities, rather than in con- 
siderable volume and at longer 
intervals. Thus there will be 
less danger of gobs of lubri- 
cant being thrown off by 
centrifugal force, to possibly 
contaminate the products 
passing through the machine. 

In case the lubricant be- 
comes laden with foreign 
material at the root of the 
gears or between the gear and 
shield and begins to cake. 
this cake often can be 
softened and removed by the 
use of kerosine or 
petroleum solvent. 


FUNCTION OF THE 
LUBRICATING 
ENGINEER 
The lubricating engineer 
must deal with equipment as 
it stands, hence he must de- 
velop the best practices pos- 


be 


some 


sible to meet and serve 
existing conditions. To a 


certain extent recommenda- 
tions are possible for altera- 
tion in bearing design, gear 
and bearing protection 


against contamination, for 
the use of oil-tight sheet 


metal housings over exposed 
gears and for preservation 
and reclamation of applied 
lubricants, ete., but to be 


effective any such recommendation must be 
carried out by the mechanical organization of 
the plant; it requires close attention and care- 
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the 


lessen 


ful experimentation, 
course is to reduce the cost of lubrication. to 
burden 














Fig. 17—Showing manner of oil circulation t 
the gear assemb of a Star vertical motor 
reducer gear unit, QOilis maintained at a suitah! 
level in the base of the gear housing (above the 
motor) and kept from leaking into the latter by 
conical deflector. Oil is taken from the oil well by 
pump D through filter B, via return pipe ¢ 
Filtered oil is pumped back to the gears via dis 
charge line A. Arrows indicate direction of flow 
. is a relief valve to enable adjustment of the 
pressure in the lubricating system. This is con 


control 
ason, will cause the 


nected to an electrical 
of oil pressure for any re 
to be disconnected from the line. 
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unit 





a 


circuit so that loss 





March, 1940 
The ultimate purpose of 


which is borne by the 
lubricant and to increase gear 
life. 

This requires also that the 
lubricating engineer have an 


intimate knowledge of the 
basic characteristies of the 


conventional gear lubricants 
at his disposal. Tle must) be 
aware of the degree to which 
their physical characteristies 
may change under operating 
conditions, especially where 
operating temperatures may 
vary comparatively widely 
Gear lubricants are identified 
by their VISCOSIEN or relative 
fluidity. “This characteristic 
is normally measured at 210 
degrees Fahr.. due to the rel- 
atively heavy nature of these 
particular types of lubricants. 
Other 


ever. 


characteristics, how- 
the pour test 
must also he considered, 
especially where operating 
conditions call for the more 
fluid twpes of gear lubricants 
which must hot only 
the gearing, but also the at- 
tendant gear shaft bearings 
Many times comparatively 
low temperatures will be in- 
volved. Asa result. knowledgc 
and ability. to evaluate the 
significance of the pour test 
is very helpful. 

It is also beneficial for the 
lubricating engineer to have 


such 


as 


SCT V« 


thorough knowledge of the 
means of lubrication which 


have been provided by the 
gear manutacturer for the in 
stallations with which th 
former is concerned. Obvi 
ously, pressure circulating svs 
tems must be supplied wit! 


lower viscosity lubricants than gearing which 
is exposed and exvected to be lubricated by 
hand application of the lubricating material. 


Printed in U.S. A. by 
Epcar C. Ruwe Co., IN 
72 Washington St., N. ¥ 
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OLD-—stTEAm-DRIVEN Bucyrus Shovel No. 225, stripping overburden — 
for McNabb Coal Co., Catoosa, Okla. @ All lubricants used on this 
veteran are Texaco, including Texaco Steam Cylinder Oils, 








32 PAGES FOR EVERY 
SHOVEL OPERATOR 


Texaco’s well-known booklet 
on the selection and applica- 
tion of Texaco Crater Com- 
pound. Yours for the asking. 











THIS BUCYRUS-ERIE No. 950 H weighs some 1300 tons, 

30-cu. yd. dipper on a 72-ft. dipper handle. Length of boom 

~ 105 ft. Texaco Crater lubricates and protects the gears and wire rope of 
this shovel. Operated by the Sahara Coal Co., Harrisburg, Ill 





Wuerner your shovels are steam-driven veterans or modern, 
electrically-driven giants, they must handle tonnage. 

To do this, their gears and wire rope must be maintained in 
prime condition. 


The shovels shown here, holding enviable records for handling 
large tonnage, have both gears and cables lubricated with TEXACO 
CRATER. 

Texaco Crater coats gear teeth with a viscous, water resistant 
film—lubricates, protects, preserves both against wear and weather. 
It also penetrates wire rope to the core—adds years of useful life. 

Texaco lubrication engineers will gladly cooperate in selecting 
the correct grade of Texaco Crater to your specific needs. 

For this service, phone nearest of more than 2300 warehouses, or 
write: The Texas Company, 135 East 42nd Street, New York, N.Y. 


THE TEXAS COMPANY ° TEXACO PETROLEUM PRODUCTS e DISTRICT OFFICES 
ATLANTA. .. . 6 « « « 133 Carnegie Way HOUSTON ... . « «720 San Jacinto Street 
Beevenm . +s 0 et 20 Providence Street LOS ANGELES ;: .. . 929 South Broadway 
BUFFALO. — 14 Lafayette Square MINNEAPOLIS . . . 706 Second Ave., South 
BUTTE .... .. ~ Main Street & Broadway NEW ORLEANS .. . . 919 St. Charles Street 
CHICAGO .. .... 332 So. Michigan Avenue NEW YORK .... . . 205 East 42nd Street 
DALLAS .... . ~ «2310 So. Lamar Street NORFOLK. ... . « Olney Rd. & Granby St. 
DENVER. . ee we eo « - + 910 léth Street SEATTLE ..... . « + 3rd & Pike Streets 


Indian Refining Company, 5 East Market Street, INDIANAPOLIS 











